VOL. 68, NO. 6, December 2015 CPR in Eisenmenger patient ventricular septal defect (VSD) was referred to our hospital at 7 th week of gestation for further management of the pregnancy.
Transthoracic echocardiography showed a large VSD of 3.9 cm diameter and a PDA of 0.6-0.7 cm diameter resulting in a leftto-right dominant bidirectional shunt flow. The left ventricle (LV) was severely enlarged and systolic function was normal with ejection fraction of 62%. The right ventricle (RV) and pulmonary artery (PA) were also dilated and severe pulmonary hypertension was present with RV systolic pressure of 128 mmHg and left atrium enlargement (LAE). An immediate therapeutic abortion was highly recommended because of high risk pregnancy, but the patient refused and showed a strong desire for the maintenance of the pregnancy. Sildenafil 20 mg three times a day was prescribed and an elective induction of delivery was planned at 34-35 th week of gestation after regular follow up.
During follow up, echocardiographic findings were aggravated [slightly increased mitral regurgitation (MR), tricuspid regurgitation (TR), left atrial volume index amount < 106 ml/m 2 → 179 ml/m 2 >], and the cardiac enzyme were increased (NTproBNP 493.4 pg/ml → 860.0 pg/ml < reference range; 0-153 pg/ml >). She was admitted to our hospital and began to receive a continuous intravenous (IV) infusion (3 ng/kg/min) of treprostinil, a vasodilator, to reduce pulmonary hypertension. The preterm uterine contraction started two days after admission (33 +1 week of gestation), and the obstetrician tried to control the preterm labor with atosiban, a tocolytics. But the attempt failed and an emergency Cesarean section was decided. Preoperative chest antero-posterior view showed cardiomegaly with pulmonary hypertension, and 3 rd degree AVB, left ventricular hypertrophy, LAE, and intraventricular conduction delay were observed on electrocardiography. Preoperative arterial blood gas analysis (ABGA) findings were pH 7.48, PaCO 2 24.7 mmHg, PaO 2 74 mmHg, and HCO 3 -18 mmol/L. Preoperative hemoglobin (Hb) was 12.6 g/dl and hematocrit was 36.4%. Oxygen saturation (SpO 2 ) was maintained with 94-95% at O 2 1 L via nasal cannula. The blood pressure was 140-160/50-70 mmHg at ward, and heart rates were 30-50 beats per minute (bpm). The patient gave her permission about the possibility of extracorporeal membrane oxygenation (ECMO) support in case of cardiac arrest. On arrival at the operating room, the patient was on a continuous infusion of IV treprostinil 25 ng/kg/min via peripherally inserted central catheter. Due to the complete AVB, the heart rates were 30-40 bpm. An external patch (adult/child multifunction defibrillation electrode pads, Philips, Andover, USA) was attached for intraoperative pacing or defibrillation. The patient was positioned at 15 o left tilt position using a right buttock wedge and an arterial line was cannulated in an awake state. Obstetrician, cardiac surgeon, perfusionist, and neonatologist stood by for emergency situation. Anesthesia was induced with etomidate 10 mg and rocuronium 50 mg, and mask ventilation was performed with nitric oxide (NO) 20 ppm added in oxygen and sevoflurane (2 vol% Immediately after incision, VT developed suddenly and synchronized direct current (DC) cardioversion shock (200 J) was given with a temporary interruption of operation. After shock, her rhythm changed into VF and defibrillation shock (200 J) was given again, but was not effective. IV Epinephrine 100 μg was given and chest compression was started by an anesthesiologist. Obstetrician re-started the operation and cardiac surgeon prepared for the insertion of ECMO cannula under the rhythm of VF. Two minutes after, defibrillation shock (200 J) was given again and the baby was delivered shortly after the shock. Return of spontaneous circulation (ROSC) was obtained and blood pressure was normalized after the shock and baby-out. Ten minutes after induction, a female baby with 1.7 kg weight was delivered with Apgar scores of 4 at 1 minute and 8 at 5 minutes. Even though the baby's initial crying was weak and the skin color was pale, her crying and skin color rapidly improved after mask bagging with O 2 5 L without intubation. The cord pH was 7.32 and the newborn was transferred to the neonatal intensive care unit (ICU) for further management. Oxytocin was not administered after the delivery of the baby and the placenta in order to prevent aggravation of RV failure and pulmonary hypertension. A rectal suppository of misoprostol 200 μg 4 EA was used for uterine contraction instead. NaHCO 3 40 mEq was slowly infused after ROSC. At the end of operation, ABGA findings (FIO 2 0.37, ETCO 2 30) were pH 7.32, PaCO 2 31 mmHg, PaO 2 83.5 mmHg, and HCO 3 -15.6 mmol/L and Hb was 10.5 g/dl. The total anesthesia time was 78 minutes and the operation time was 35 minutes. Total input/output was described as below: crystalloid 1,100 ml, hydroxyethyl starch 500 ml, urine output 200 ml, estimated blood loss 500 ml. The patient was then transferred to the coronary care unit and received mechanical ventilation with NO 20 ppm inhalation and a continuous infusion of remifentanil 0.02 μg/kg/min and with treprostinil 8 ng/kg/min. On postoperative day (POD) 1, NO was stopped and the patient was extubated but showed hemoptysis for several times. As prophylactic antibiotics, cefuroxime 0.75 g was IV given three times a day for 4 days. On POD 3, the patient received red blood cell transfusion due to anemia (Hb 8.2 g/dl) and a continuous infusion with furosemide to maintain negative fluid balance with a target body weight of 39-40 kg to decrease pulmonary edema and improve dyspnea. On POD 7, her chest computed
tomography (CT) showed diffuse alveolar hemorrhage (Fig. 1) . The patient complained about insomnia and depressive mood, and so she was transferred to the sub-ICU after psychological consultation. Immediately after moving to the sub-ICU bed, her eyeballs were deviated and she became pulseless, and CPR was started. During 2 cycles of CPR, 500 ml normal saline was rapidly dripped and 2 mg epinephrine was given. Then the electrocardiogram monitoring revealed VF. Defibrillation shock was given and ROSC was obtained after another 1 cycle of CPR, and she was transferred to the ICU again. On POD 8, the patient showed Torsades de Points type VT (Fig. 2) , pulseless VT, and eyeball deviation, and an electric shock was given. K + and Mg ++ were replaced for the maintenance of high normal ranges to prevent fatal arrhythmia, but repetitive VT with basal rhythm of complete AVB occurred, and so the patient received DC shocks more than 30 times. A transient pacemaker was inserted and maintained over-pacing of the heart rate at 100 bpm. On POD 9, the transient pacemaker rate was reduced to 60 bpm and then was removed at POD 12. On POD 12, lung sonography showed post-CPR lung contusion or alveolar hemorrhagic consolidation. In spite of aggressive treatment, her dyspnea has not improved (WHO functional class IV), so IV treprostinil was increased up to 18 ng/kg/min and oral 62.5 mg bosentan, an endothelin receptor antagonist, twice a day was added. On POD 18, she was transferred to the general ward, and an implantable cardioverter-defibrillator (ICD) was inserted on POD 19. The patient showed persistent anemia despite negative stool occult blood test and intermittent transfusion, and was presumed to have anemia of chronic disease with severe iron deficiency (Hb 7.4 g/dl). Chest CT showed resolving diffuse alveolar hemorrhage and combined pneumonia on POD 25. On POD 26, IV treatment with treprostinil was changed into subcutaneous form with 20 ng and warfarin was started with a target aPTT of 45-70 sec. Heparin therapy was initiated on POD 8 and stopped on POD 35. On POD 32, ferric hydroxide sucrose 400 mg was IV given to replace iron and the patient's Hb level was 8.4 g/dl with a target of 14-15 g/dl just before discharge. The patient was discharged with home O 2 , subcutaneous treprostinil 22 ng, and warfarin 4 mg on POD 37.
Discussion
Our patient had been coming to our hospital for regular check-up and management since the early pregnancy. Therefore, her emergency Cesarean section could be performed under the supervision of a multidisciplinary experienced team including an obstetrician, anesthesiologists, a cardiac surgeon, a perfusionist, and a neonatologist. The patient had a complete AVB, but a transient pacemaker was not preoperatively inserted because of the risk of systemic embolization through VSD and PDA. General anesthesia was selected for this case because the chance of cardiac failure or arrest and the need for pacing, electric shock, or ECMO support were high due to underlying complete heart block. Advantages of regional anesthesia were reducing the risk of venous embolism and providing postoperative analgesia. Disadvantages of regional anesthesia were the possibility of increasing the amount of right-to-left shunt by sympathetic block and decrease in systemic vascular resistance (SVR) and less controllability in case of arrest. Disadvantages of general anesthesia were the possibility of acute rising of pulmonary vascular resistance (PVR) during intubation and reduced venous return because of positive pressure ventilation [3] . 
CPR in Eisenmenger patient
For the anesthetic management of patients with Eisenmenger's syndrome, it is important to minimize the increment of PVR and decrement of SVR, to avoid hypovolemia, and to preserve cardiac contractility in order to avoid hypoxemia and right heart failure. To achieve this goal, we prepared NO inhalation and a continuous infusion of milrinone to reduce PVR, norepinephrine to maintain SVR, and hydroxyethyl starch infusion to compensate volume loss.
Patients with Eisenmenger's syndrome present with high PVR associated with pulmonary hypertension at or near the systemic values with a reversed or bidirectional shunt. In our case, the patient had a bidirectional shunt with a left-to-right shunt dominant state. Therefore, she did not show profound hypoxemia as described in other reports [2] [3] [4] [5] . An excessive decrease in PVR compared to SVR causes temporary high oxygen saturation in case of bidirectional shunt, but can eventually result in decreased systemic perfusion leading to systemic hypotension and acidosis. Therefore, it is very important to control the relative ratio of right-to-left or left-to-right shunt. During induction, a high FIO 2 of 1.0 was used to prevent an acute rise of PVR. After baby was out and after confirmation of adequate oxygenation, FIO 2 was decreased to 0.6. However, the diastolic pressure was maintained at 40 mmHg, which might imply an inadequate left side stroke volume due to an increased left-to-right shunt. Since SpO 2 was well maintained at FIO 2 0.6, we reduced FIO 2 further to 0.4 to counterbalance the amount of left-to-right shunt by slightly increasing PVR.
A PA catheter was not inserted in this case because the risk of arrhythmia, pulmonary artery rupture or provoking pulmonary hypertensive crisis might be greater than the benefit of the evaluation of hemodynamic status and the severity of shunt flow. Moreover, its proper placement may have not been easy [2, 5] and its information may not reflect the actual hemodynamic status because of the large VSD. Patients with Eisenmenger's syndrome due to ASD or PDA will benefit from PA catheter monitoring because it can monitor pressure gradients between right and left circulations. However, in patients with Eisenmenger's syndrome due to VSD, it is impossible to monitor the intraventricular pressure gradients between right and left ventricles. Systemic arterial saturations are related to the amount of right-to-left shunt. SpO 2 will decrease if the right-to-left shunt increases because of an increased PVR or decreased SVR. Use of pulse oximetry could be a safer and better method of determining the degree of right-to-left shunt flow in these patients [6] .
In this case, the complete AVB might have been the triggering factor for the arrhythmia. Previously, a cardiac arrest from Torsades de Points was reported in a patient with complete heart block (the "R-on-T" phenomenon) [7] . The complete heart block was associated with an atrioventricular septal defect and could precipitate Torsades de Points and arrest through QT prolongation. Women appear to be more susceptible than men [8] . To prevent sudden death, pacemaker insertion and ICD implantation were advocated [9] . The patient in this case had a large VSD and a complete AVB preoperatively, developed VT/ VF intraoperatively, sustained repetitive Torsades de Points type VT and VF postoperatively, and was treated with a transient pacemaker insertion followed by an ICD implantation. Therefore, it is reasonable to presume the complete AVB as the cause of arrhythmia in this case.
Isoproterenol was continuously infused because of complete AVB, but it was stopped after VT and VF. However, isoproterenol can be used for the treatment of idiopathic recurrent VF if the induction mechanism of VF is associated with enhanced vagal tone rather than with enhanced sympathetic activity. Mittadodla et al. [10] reported a VF storm could be effectively treated by increasing heart rate with isoproterenol or overdrive pacing in a pregnant woman not responding to traditional antiarrhythmic therapy.
Congestive heart failure followed by pregnancy is the most common cause of death in patients with Eisenmenger's syndrome. In many reports, cardiac failures occurred shortly after the delivery of the fetus and blood loss [2] [3] [4] , which caused hypovolemia, decrease in SVR, increase in PVR, and severe hypoxemia: were usually treated with volume replacement, vasopressor, and NO inhalation. However, this patient developed sudden VT immediately after the incision and then progressed to VF and returned to ROSC after delivery. Even though the total arrest time was 2 minutes, if it had lasted longer it could have been fatal to both the mother and the baby. Several studies reported that the ROSC did not occur until the uterus was emptied by a perimortem Cesarean section [11] and suggested perimortem Cesarean section might be regarded as one treatment option when all other resuscitation methods fail. However, perimortem Cesarean section is rarely done within 5 minutes to optimize maternal salvage from cardiac arrest [12, 13] . In our case, the patient received perimortem Cesarean section and resuscitation simultaneously. Cesarean section was interrupted three times because of the electric shocks. Transthoracic impedance was not significantly altered during pregnancy [13] . Therefore, usual defibrillation dosages can be applied to a parturient. Chest compressions in a left lateral tilt from the horizontal are feasible but less forceful compared to the supine position and manual leftward displacement of the gravid uterus was preferred to lateral tilt during maternal resuscitation [14] .
Was the electric shock given to the mother harmful to the baby? After the review of 44 case reports of electrical cardioversion during pregnancy, Tromp et al. [15] concluded that it was a highly effective procedure and assumed it as safe for both, the mother and the baby. However, there were two cases of fetal distress directly after the cardioversion, necessitating an immediate
Cesarean section at 37th and 28th week of gestational age. Even though both neonates of the above cases were born healthy, facilities for fetal monitoring and emergency Cesarean section should be available when an electrical cardioversion is planned. The intensity and the pathway of the current are important in case of electric shock. Therefore, it is necessary to place the patch properly away from the uterus.
Was the ROSC obtained from the CPR or the delivery? Several studies report that the delivery itself can terminate the VF. There fore, delivery should not be delayed in case of cardiac arrest in patients with Eisenmenger's syndrome because it can guarantee the safety of the fetus and the mother simultaneously. To wait for a moment for defibrillation can be permitted. On the other side, it could be insisted that the ROSC was the result of effective defibrillation and proper CPR because this patient suffered repetitive VT/VF postoperatively and successfully recovered after electric shock each time.
Patients with Eisenmenger's syndrome should be closely monitored in the ICU after delivery because they are vulnerable to heart failure, arrhythmia, and severe hypoxemia in this period. Our patient also suffered from fatal arrhythmias, diffuse alveolar hemorrhage, anemia, and congestive heart failure.
In conclusion, the anesthetic management of a parturient with Eisenmenger's syndrome should be focused on controlling the relative ratio of the bidirectional shunt by avoiding the increase in PVR and decrease in SVR. In patients with complete AVB, preoperative insertion of a transient pacemaker is recommended because they have a high risk of developing cardiac arrest from Torsades de Points type VT. When a parturient suffers sudden cardiac arrest during Cesarean section, a high quality CPR and perimortem Cesarean section should be simultaneously performed without delay for the safety of the mother and the baby.
